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[57] ABSTRACT

A rail gun barrel includes gas containment means for
limiting the penetration of high pressure gas into inter-
faces between rails and insulating members. The pre- |
ferred gas containment means comprises one or more

- channels formed in one or more of the interfaces. In one

embodiment of the invention, the channels simply pro-
vide space for expansion of gas. In another embodiment,
the channels are partially or totally filled with seal ma-
terial which prevents gas from escaping radially out-
ward beyond the channels. ' -

3 Claims, 3 Drawing Figures
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- RAIL GUN BARREL WITH GAS CONTAINMENT
MEANS |

BACKGROUND OF THE INVENTION

The present invention relates to a barrel assembly for
an electromagnetic rail gun.

A typical rail gun includes an elongated barrel which
has a pair of longitudinally extending parallel conduc-
tors or rails disposed symmetrically about its axis. The
rails are connected at their rearward, or breech, ends to
opposite terminals of a source of direct current. A cir-
cuit through the rails may be completed either by a
conductor disposed between the rails or by a plasma arc

‘which generates magnetic flux between the rails. The
flux cooperates with the current in the conductor or the
plasma arc to accelerate the conductor or plasma for-
ward between the rails. The projectile may include the
conductor or may be positioned forward of the conduc-
tor or plasma arc and driven forward thereby.

The electromagnetic forces generated during firing
of the rail gun tend to drive the rails apart in addition to
accelerating the projectile. Also tending to drive the
rails apart is gas pressure generated in the barrel during
firing. The gas pressure may be particularly high in
barrels of rail guns wherein a plasma arc completes the

circuit between the rails, due to the vaporization of

metal during the initiation of the arc. A more detailed
explanation of the initiation of the plasma arc is given in
co-pending, commonly assigned U.S. patent application
Ser. No. 540,808, which is incorporated herein by refer-
ence.

Due to the magmtude of the gas pressure in the barrel
during and immediately after firing, it is difficult to
prevent gas from entering the interfaces between the
- insulators and rails. One problem which may result
from high pressure gas entering the interfaces is that the
forces tending to drive the rails and insuiators apart may
become excessive due to the increase in the effective
surface area on the rails and insulators which is exposed
to the high pressure gas. Accordingly, there is a need
for means to limit the magnitude of bursting forces
which may result from penetration of high-pressure gas
- into the interfaces.

SUMMARY OF THE 'INVENTION

In accordance with the present invention, there is
provided a rail gun barrel having gas containment
means for limiting the penetration of high pressure gas

into the interfaces between the rails and insulating mem-

bers. The preferred gas containment means comprises
~one or more channels formed in one or more of the
interfaces between the rails and insulators. In one em-
‘bodiment of the invention, the channels simply provide
space for expansion of gas. As high pressure gas flows
into one of the channels and expands, its pressure de-
creases and 1t 1s prevented from penetrating into the

~ portion of the interface which is radially outward of the

channel. In another embodiment of the invention, the
channels are partially or totally filled with seal material
which prevents gas from escaping radially outward
beyond the channels.

Accordingly, it is a general object of the present
invention to provide a rail gun barrel having means to
~ Iimit bursting forces on the barrel component due to
high pressure gas within the barrel.
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It is a further object of the present invention to pro-
vide a rail gun barrel having gas containment means for
limiting the passage of gas radially outward through the

interfaces between the rails and insulators.
Further objects and features of the present invention
are disclosed 1n the following descrlptlon and accompa-

- nying illustrations.
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between the rails. This results in the flow of current

'BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a side elevational view of a rail gun barrel in
accordance with one embodlment of the present inven-
tion. |
- FIG. 2152 transverse sectlonal view of the barrel of
the rail gun of FIG. 1. | |

FIG. 3 1s a schematic perspective view of a rail gun
barrel in accordance with a second embodlment of the

| present Invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention is embodied in a rail gun barre]
10 defining an elongated bore 12 for passage of a projec-
tile (not shown). The barrel 10 comprises a pair of elon-
gated, generally parallel, electrically conductive rails 14
and a pair of elongated, generally parallel insulating
members 16 disposed circumferentially between the
rails 14. The rails 14 are disposed symmetrically about
the longitudinal axis of the barrel, as are the msulatmg
members 16.

The rails 14 are typically made of a metal such as a
copper alloy having good electrical conductivity, and
are electrically connected at their respective rearward

~ or breech ends 20 to opposite terminals of a source of
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direct current. Means 18 for loading projectiles into the
barrel are provided at the breech end. In the illustrated
embodiment, the bore 12 through which the projectile
travels has a generally circular cross section. The bore
could alternatively be of rectangular or other sultable
cross section. |

During operatlon, an electrical potentlal of relatively
high voltage is established between the breech ends of

~ the respective rails 14. Current flows from one rail to
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the other to complete an electrical circuit, generally
passing between the rails through a plasma arc. The
electromagnetic forces thereby generated advance the
arc through the bore to propel the projectile in advance
thereof.

The arc is typically initiated by passage of high cur-
rent through a strip of metal. The current vaporizes the
metal strip, producing plasma, i.e., ionized gas particles.

~ This results in a pressure pulse which may drive air or
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other gas within the barrel 10 into the interfaces 22
between the rails 14 and insulators 16, urglng the rails
and 1nsulators apart.

Entry of gas into the interfaces 22 occurs at faults or

blemishes on the facing surfaces 14a and 164 of the rails
14 and insulators 16. If sufficient gas enters to open a
narrow gap along substantial length of an interface, the
exposure of a relatively large surface area to high pres-
sure gas can lead to generation of destructlve burstmg
forces. -

In accordance with the present mventlon, there is

provided a rail gun barrel having gas containment

means 24 for limiting the passage of gas radially out-
ward through the interfaces 22 between abutting side
surfaces 14¢ and 16a of the rails 14 and insulators 16,
respectively. Herein, the gas containment means com-
prises four elongated conduits or channels 24 extending



3

| parnlle] to the ax1s of the barrel ene formed m each.

interface 22. -
In one embodlment of the invention,.

o lllustrated_: i_n-:._-'--
- FIGS. 1 and 2, the channels 24 provide space for high
- pressure gaS:tO E:Xpand,' sO that as gas-_t.rave]in-g :radia]]y -
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- outward through the interfaces 22 reaches a channel 24,

its pressure decreases beyond the level necessary for

~further penetration radially outward. The volume of
- any gas entering the channels 24 is relatively small, as it

is the result of a pressure pulse of relatively short dura-

- tion driving gas through an extremely narrow gap. The. _
- gas containment channels 24 preferably communicate -
with the atmosphere to faelhtate exhaustmg of the gas

from the channels.

- In a second embedlment of the mventten lllustrated- |
- schematically in FIG. 3, the channels 24 contain seal;
- material 26 which blocks the progress of the high pres-.

10

sure gas. The seal material may be an elastomer whleh

s capable of withstanding high temperatures

- In the illustrated embodiments, the channels 24 are
formed by machining grooves 14b and 165 into the
| faelng side surfaces 14a and 16a of the rails and insulat-
 ing members 14 and 16, respectively. The illustrated
‘grooves 14b and 16b cooperate to form generally cylin-
~ drical channels 24. It will be appreciated that the
| greeves eeuld be of ether shapes and that the channels :
 Coudltmatiyelybe formed b grooving ol 1€ 34 cenisal ore ot fring f 4 proeeil,comprion
| surfaees 16a of the msulatmg members | | |
Durlng firing of the rail gun, high pressure gas may-
- exert bursting force on portions 28 of the interface sur- ~

-~ faces radially inward of the gas containment channels -
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24, but will not act on portions radially outward

 thereof. The theoretical limit on the magnitude of the =
" bursting force is thus dependent in part on the distance
 between the gas containment channels 24 and the bore

12. Accordingly, it is desirable that the channels 24 be
located at relatwe]y short distances from the bore 12 so
as to minimize the interface area which may be sub-

Jeeted to hgh pressure gas. Hewever compressive =
stresses in the rails 14 and insulating members 16 may be 40

higher near the bore 12, and this may require that the =

- channels 24 be located at a minimum radius to avoid
excessive distortion of the channels due to strain. Strain -

 may be particularly significant in the insulating mem-
- bers 16 which are typically made of plastic which 1s sCiN
generally not as streng as the metal fmm whleh the ratls L

14 are made

Refernng partleularly to FIG 2 the present inven-

~ tion may be embodied 1n a rail gun barrel 10 employing
. a pressure medium 30 as described n- COpendmg U.S.
- patent application Ser. No. 506,430, which 1s mcorpo-_

‘rated herein by reference. In this embodiment, the rails

14 and insulating members 16 are constrained against-.

- outward radial displacement and preloaded by a sur-

- rounding pressure medium 30. A lightweight, relatively -
~ rigid outer shell 32 having sealing means 34, at its ‘ends -
. contains the pressure medium 30. The pressure medium

30 applies approximately uniform radial compression.

 forces to the peripheral surfaces of the rails 14 and

o insulating members 16. In the embodiment illustrated in.
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'FIG. 2, the pressure medium 30 is a fluid. In other em-

~ bodiments, it might be an elastomer having relatively
low shear strength or a resin which can be pressunzed |

- and subsequently cured prior to firing the gun.
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'smtable external pressurizing means may be employedj;_;_‘-f--}; N L T
. to bring the pressure medium to the desired pressure. .
It will be appreciated that the magnitude of bursting .~~~
- force, due to the pressure of gas in the interfaces, will be_;ff:'i'f-_ RTTRRIE

‘equal to the product of the respective magnitudes of the
~pressure of the gas and the area exposed thereto.. The
- channels 24 reduce the area exposed thereto The ehan-_f;f e e

~ nels 24 reduce the area exposed by limiting the progress =~~~
of 'the gas and reduce the pressure of gas by . enabling: R
expansion’ of the gas. Thus, 1n-this embodlment lhe_i‘f?fg{;f.:f_:f;_-; ':;:.:;;_i___'_;_:-ﬁj; = L
channels 24 serve a dual function in preventln g bnrstm g L e
_- _forees from becoming excessive. . T

- From the foregoing, it will be eppreelated that the - -

- present invention provides a novel and improved rallf LT
gun barrel which- includes gas containment means.. =0T

While a preferred embodiment has been illustrated and-j-?}?é‘

“described herein, there is no intent to limit the scope of S T
the invention to this or any other. partlcular embedl-fgi.g- et
- ment. For example, the gas containment means of the .. - -

claims, -
What is clalmed 1S:

present invention might also find appheatlon in rail gun-i_':*};}_fi;e Sl T
~ barrels employing other means for constraining the-
rails, such as bolted clamps or filament. windings. The = .
- scope .of the 1nventlen 1S deﬁned by the fellewm g:j@é’- e e

1 A rail. gun | barrel assembly deﬁmn g an elon gatedf-ié {::;;;:':.;'__}:

struetural eentamment means

- contaimnment means; and -

tural containment means:

| -sald rails and insulators belng coeperatwe to deﬁne an
elongated central bore and being. Supported alter-j-f;j:.:':;f'::f'f__; B T
- nately about the circumference of the bore SO thati_g.---jf-_':_*-:___._:'_ Ea T

~said rails do not contact one enether

each said rail having a pair of opposite side surfaees S

a pair of elon gated rails snpperted by sald struetura]?éfés?:?f

~apair of elongated tnsulaters supperted by sald struc L

and each said insulator having a pair of Oppemte'ﬁ_i_;:-.i.:f'fj'_;_fi_;ﬁi_':f;:-';f% L

- side surfaces, each of said side surfaces of eachof =~~~
said insulators being in contact with a respeetweg;;;f?:;g-_

“one of the side surfaces of a respective one ef' sald em

rails to define an interface therebetween;

| sald rails and insulators defining means to llmlt radial_’;fg-ﬁ_;j_
~penetration of gas into said interfaces comprising . .
four elongated | gas containment. channels extendtng';§':ﬁ;'j;:-_';_,_§ AR AL
- generally parallel to said elongated central bore. . = . -
- and spaced therefrom, a respective one of said gas
- containment channels bemg located at eaeh sald T T

' mlned velume to permlt expansmn of gas penetrat—f_;j
ing said interfaces so as to reduce the pressure of - . oo

“said gas and prevent it from penetratm 4 sald 1nter--:§._f':};ﬁf{'?;__??F’__f:__'5;'_"??;_;.-{_" :_?i':f

.+ faces beyond said channels.

- and insulating members. o . R
3. A rail gun barrel assembly in aceordanee Wlthf’fﬁff}_:;ﬂ*; R

- A relatively flexible sleeve or membrane 36 fits over 65

the rails 14 and insulating members 16 to prevent the

B pressure medium 30 from leaking into the interfaces 22

between the rails 14 and 1nsulatlng members 16 Any

€ %k kK

2. A rail gun barrel assembly in aeeerdanee w1th AE LU
claim 1 wherein said structural containment means .
- comprises an elon gated tubular outer shell having an. -~~~
“axis generally parallel to said elongated central bore, SRR A
‘and a pressure medium located within said shell out-- -~ =
‘wardly of said rails and insulating members so that =
. pressurization of said pressure medium provldes een-{jifj R
tainment force directed radlally mward agalnst sald rells_}.fl;; R T

' elalm 2 wherein said pressure medium is a liquid, said =~~~

assembly further comprising a hqmd-lmpermeable{jj};j.;_; ST
sleeve extending between said pressure medlum and’@i; e
: sald rails and msulatmg members.. R L
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